In this paper, we describe how the DuPont Identification Stain No. 4 provides a simple means to quickly identify individual fibers using a microscope. We looked at different nonwoven samples, including polyester, rayon, wood pulp and polypropylene fibers as well as several finished webs with different fiber blends, thermobonding points and binder distributions.
Introduction
This paper is intended to be a "fun" paper with no chemistry or equations. It should be labeled more as an "arts and crafts" applied to nonwoven evaluation.
Figure 1 NONWOVEN FIBERS
The technique presented involves staining a nonwoven sample (Figure 1 ) with a dye, DuPont Identification No. 4, and the evaluation of the fibers or the structure of a nonwoven under a microscope.
The DuPont Identification No. 4 (proprietary composition) was developed for the textile industry to provide a simple means for quickly identifying individual fibers, whether alone or used in a blended fabric. The stained fabrics show different colors depending on their contents. Here are some examples:
Fiber Color cotton blue-gray Dacron orange nylon reddish brown silk dark purple& viscose blue-green wool brown A picture of an old textile swatch of known composition is shown in Figure  2 . This was given by DuPont years ago when we could purchase the dye from them. The DuPont Identification No. 4 can now be purchased through Pylam Products Company, 2175 East Cedar Street, Tempe, AZ 85281. A similar technique can be applied to nonwovens. A personal "library of the different fibers" colors can be built and used to evaluate new nonwoven samples. To dye the nonwoven sample, the following procedure should to be followed: Place the sample into a boiling 1.0% solution of DuPont Fiber Identification No. 4, using a 20:1 bath to fiber ratio,
1.
Hold the sample in the boiling bath for 1 minute, 2.
Remove the sample, 3.
Rinse, 4.
Dry. 5.
Staining will vary with the quality, preparation, and processing of the fibers.
Figures 3a and 3b
show some of the materials needed to perform this test.
It is important to rinse the sample very well until no color bleeds. Place paper towels under and over the sample to test/see if the sample is rinsed properly. If no color bleeds through the paper towel, the sample is rinsed properly. However if bleeding is observed, the sample should be rinsed again.
If fibers or weak nonwovens have to be tested, we recommend that the sample be placed in a net before entering the boiling dye solution.
The dye solution can be reused, and should be filtered to eliminate any loose nonwoven fibers.
The dyed fibers and nonwoven samples were evaluated using an Olympus microscope SZH with a color video camera. The pictures were printed with a Sony color video Printer Mavigraph. The magnification used for this study varies between of 7.5 to 128. Figure 4 shows the setting used for this particular study. From these pictures, we can conclude that the fiber blend is not uniform, the fibers are poorly dispersed, some spots with only rayon (greenish-blue), and some spots with only polyester (gold/orange). We also see part of the nonwoven with no thermobonding, especially on the heavier rayon containing areas. These pictures show that the binder distribution is uneven throughout the width of the web, and that the thermobonding is probably done at a too high temperature therefore melting through the fibers and creating weak spots instead of reinforcing the web structure. 
Conclusions
This technique provides a relatively quick and inexpensive way to have a qualitative analysis of a nonwoven sample, indicating the composition of the fibers as well as some production problems encountered during the manufacturing of a nonwoven product.
